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TITLE OF THE INVENTION 

[0001] Air intake control device for internal combustion engine and 



air 



intake control device for gasoline engine 



BACKGROUND OF THE INVENTION 

[0002] The present invention relates to an air intake control device 

that controls the throttle valve provided halfway through the air intake 
passage of an internal combustion engine (e.g. a gasoline engine and diesel 
engine), thereby adjusting the opening area of the air intake passage in 
response to the operating status of an engine. This air intake control 
device is used to control the intake air volume in the case of a gasoline 
engine, and is employed as a throttle mechanism of the air intake passage 
in the case of a diesel engine. The above air intake control device is 
described in Japanese laid-open Patent Publication Hei 03-271528. 

[0003] The air intake control device for the diesel engine is designed 

to provide control in such a way as to secure a position slightly more open 
than the mechanically fully closed position to ensure that a sufficient 
space can be maintained between the valve and air intake wall surface 
even when the valve body is fully closed. This ensures that the engine 
does not stall even if the valve should fail to operate at the fully closed 
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position for control purposes. 

[0004] In order to ensure that the a predetermined volume of air 

flow leaks when the motor current is turned off, a throttle device for 
gasoline engine uses a so-called default mechanism according to the 
Ja panese laid-open Patent Document 1, Publication Hei 03-271528, for 
example, wherein the springs that produce a return force in the direction 
opposite to each other are provided between the valve operating gear and 
air intake device, and a lever, not stuck on the rotary shaft, is utilized 
between these two springs, whereby the throttle valve is forcibly opened 
by a predetermined angle when the motor current is off. 

SUMMARY OF THE INVENTION 

[0005] In the case of an air intake device for diesel engine, a large 
gap is present even when the valve body is fully closed. This structure has 
made it impossible to control airflow in such a way as to reduce the airflow 
further. 

[0006] To solve this problem, an invention intends to provide an air 

intake control device for diesel engine that can reduce the minimum air 
intake volume to a sufficiently small level when the air volume of the 
diesel engine is to be reduced even when the throttle valve failed to work 
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at the air intake position (e.g. due to failure of the drive motor or sticking 
of the throttle valve), wherein the aforementioned air intake control 
device provides the flow of air required to start and operate the engine. 

[0007] An electronically controlled throttle device for gasoline engine 

requires the aforementioned default mechanism, but this mechanism 
requires use of a great number of parts and complicated configuration, 
accompanied by difficulties in assembling. 

[0008] Another invention intends to provide an electronically 

controlled throttle device for gasoline engine provided with a default 
mechanism of simple configuration. It is preferred to provide a 
mechanism that can be used by both a diesel engine and gasoline engine. 

[0009] To achieve the aforementioned objects, a passage for 

bypassing the throttle valve when a throttle valve is located at the 
mechanically fully closed position is formed on the wall surface of the air 
intake pipe, and the position for minimum intake air volume for control 
purpose is formed at a position slightly opened than that position. 

BRIEF DESCRIPTION OF DRAWINGS 

[0010] Fig. 1 is a plan view representing an embodiment of a throttle 

device for diesel engine according to the present invention; 

- 3- 



Attorney Docket #: 056208.52861US 
Substitute Specification (Marked Copy) 



[0011] Fig. 2 is a cross sectional view of Fig. 1; 

[0012] Fig. 3 is a diagram showing the details of the embodiment 

given in Fig. 2; 

[0013] Fig. 4 is a diagram where the air passage groove of Fig. 1 is 

viewed from the downstream side; 

[0014] Fig. 5 is another embodiment of Fig. 2; 

[0015] Fig. 6 is a further embodiment of Fig. 2; 

[0016] Fig. 7 is a plan representing an embodiment of a throttle 

device for gasoline engine according to the present invention; 

[0017] Fig. 8 is a cross sectional view of Fig. 7; 

[0018] Fig. 9 is a still further embodiment of Fig. 8; 

[0019] Fig. 10 is a still further embodiment of Fig. 8; 

[0020] Fig. 11 is a characteristic diagram representing the air flow 

given in Figs. 2 and 8; and 

[0021] Fig. 12 is a characteristic diagram representing the intake air 

flow given in Figs. 2 and 8 that can be coped with. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0022] The following describes the preferred embodiments of the 

present invention with reference to drawings. Figs. 1 through 6 show an 
embodiment of a groove formed in the air passage of the throttle device for 
diesel engine according to the present invention. 

[0023] Figs. 5 and 6 show another embodiment of the air intake 

passage other than that given in Fig. 2. 

[0024] Figs. 11 and 12 show the air flow characteristics in an 

embodiment of the present invention with respect to the air flow 
characteristics of a prior art product. 

[0025] Figs. 2 and 3 show the position of a valve body when this 

throttle device is mounted on the diesel engine for automobiles. 

[0026] As shown in Figs. 2 and 3, the air intake control device for 

reducing the volume of air intake in a diesel engine for automobile has a 
valve body 3 mounted on the rotary shaft 4 rotatably mounted on the 
throttle body 1. 

[0027] A motor 12 is mounted on the throttle body 1, and a gear 

mechanism (not illustrated) and a sensor (not illustrated) for detecting the 
opening of the valve body 3 are installed inside a cover 13. 
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[0028] Signals from the ECU (engine control unit) (not illustrated) 

are captured from a connector 14 installed on the cover 13, and are 
transmitted to a motor 12. The valve body 3 is controlled by movement of 
the motor 12. 

[0029] Information on the opening of the valve body is sent to the 

ECU from the connector 14. The ECU performs computation in such a 
way as to minimize the deviation between the signal from the sensor and 
the target opening required by the engine, and outputs the result of 
computation. 

[0030] The valve body 3 is located at the fully open position during 

normal traveling. The valve body 3 operates when air supplied to a 
combustion chamber is cut off at the time of engine shutdown, when the 
flow of air is reduced for engine speed stability at the time of idling, and 
when negative pressure is produced to return exhaust gas to the upstream 
side of the combustion chamber. 

[0031] When an instruction is given from the engine control unit to 

stop the aforementioned engine, the rotary shaft 4 is operated through the 
motor 12 for shutting off the sucked air, and the valve body 3 is controlled 
and set at the fully closed position 3a for control purposes. 

[0032] In this case, the valve body 3 is controlled in such a way as to 
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be located at a position slightly upward from the starting position of the 
air passage groove 5 formed in the inner wall of the air passage 2. 

[0033] As shown in Fig. 11, the aforementioned steps provide the 

airflow characteristics 9 at the fully closed position, similarly to the case of 
a prior art throttle device. 

[0034] However, when the valve body 3 is stuck at a position (e.g. 

3b) downstream of the fully closed position 3a for control purposes, air 
volume required for engine startup and operation cannot be supplied 
according to the prior art airflow characteristics 9. In the present 
embodiment, an air passage groove 5 is formed in such a way that the air 
flow at the mechanically fully closed position of valve body 3 is greater 
than that at the fully closed position for control purposes, as shown in Fig 
Figs . 10 of Fig. or 11. 

[0035] The aforementioned step makes it possible to supply a 

volume of air required for startup and operation even when the valve body 
3 fails to operate at the mechanically fully closed position. 

[0036] By changing the area, profile, number and position of 

openings of the air passage groove 5 shown in Fig. 4 as required, it is 
possible to achieve various objects other than when the valve body 3 has 
stuck; for example, it is possible to reduce the hissing sound when the 
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valve body 3 is closed, or to protect the valve body 3 against reduction of 
abrupt pressure change in the air passage 2. It is also possible to set the 
airflow characteristics at a desired value near the fully closed position for 
control purposes. Thus, this method has the advantage of design such a 
configuration that the airflow is increased gradually downstream from the 
fully closed position for control purposes of the valve body 3, as shown in 
Fig. 11. 

[0037] Further, to improve the exhaust gas component 

controllability and operatively in the idling mode, the inlet taper 6 area of 
the air passage groove 5 is adjusted to the area of the opening in the 
position where the valve body 3 is idle. This adjustment provides the 
airflow characteristic 11 as shown in Fig. 12. This has the advantage of 
accommodating the variations among parts as well as variations in the 
control of the valve body. 

[0038] Air flow can be kept constant or near constant at the valve 

opening within the range of the spherical surface, by forming the air 
passage 2 partly in a spherical form, as shown in Figs. 5 and 6, rather 
than forming it in a straight form. 

[0039] If the partially spherical form is adopted, there is an 

advantage that the valve body 3 scrapes off the sludge (contamination) 
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deposited on the side of the engine of the valve body 3 when the valve body 
3 is opened, thereby preventing sticking from occurring between the valve 
body 3 and air passage. 

[0040] The following describes the embodiment of a throttle device 
(air intake control device) for gasoline engine with reference to Figs. 7 
through 10. Fig. 7 is a plan view representing an example of the groove 
formed in the air passage in the throttle device for gasoline engine in the 
present embodiment. Fig. 8 is a cross sectional view of Fig. 7. 

[0041] Figs. 9 and 10 show other embodiments of the intake air 

passage given in other than Fig. 8.-The Tn this embodiment the air intake 
control device mounted on the gasoline engine for automobile uses a 
motor to drive the throttle valve. The following describes the operations 
when the present invention is applied to the aforementioned device: 

[0042] When there is no instruction for motor drive from the engine 

control unit (no current supply to the motor), the throttle valve (valve body 
8) is set at the default position of opening (intermediate angle of opening) 
by the action of the return spring, that is at the mechanically fully closed 
position 8b. 

[0043] Control is provided in such a way as to secure a slightly more 

open position in order to ensure that the valve is located at the fully closed 
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position 8a for control purposes in the idle mode. In the full-load running 
mode where the accelerator is fully pressed, control is made to get the fully 
open position 8c of the valve body 3 for control purposes. 

[0044] In the air intake control device of the present embodiment, 

the opening of the valve body 8 is normally controlled in the range from 
the fully closed position 8a for control to the fully open position 8c for 
control, thereby getting the rising portion of the air flow characteristic 10 
given in Fig. 11. The volume of intake air in the normal traveling mode is 
controlled in this manner. 

[0045] To get a correct understanding of the position of the valve 

body 8, the valve body is energized mechanically by the return spring 
when the engine has started or stopped, to ensure that the valve body 8 is 
set at the mechanically fully closed position 8b. The valve opening sensor 
output value at this time is memorized by the engine control unit. 

[0046] When the valve body 8 becomes stuck between the fully 

closed position 8a for valve body control 8a and mechanically fully closed 
position 8b of the valve body, the volume of air required for the engine 
startup and vehicle traveling could can not be supplied, according to the 
air flow characteristics 9. 

[0047] In the present embodiment, the flow of air in the 
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mechanically fully closed position 8b of the valve body 8 is increased over 
the fully closed position 8a of the valve body 8 by formation of an air 
passage groove 5, as indicated in the lowering portion of characteristics of 
Fig. 10 given in Fig. 11. 

[0048] This method provides the advantage of ensuring a sufficient 

volume of air required to start and operate the engine even if the valve 
body 8 has stuck immovable in this area. 

[0049] The air passage groove 5 is formed in the area from the fully 

closed position 8a for control purposes to the downstream side (e.g. 8b). 
When there is no current supply to the motor 12, this arrangement allows 
the valve body 8 to be set to the default opening position (intermediate 
inter-mediate o pening), when the valve body 8 has been returned to the 
mechanically fully closed position 8b. This configuration has an advantage 
of reducing the number of mechanical parts of the default mechanism (i.e. 
no need of using a spring for energizing for the opening side). 

[0050] In this case, the inlet taper 6 of the air passage groove 5 is 

not always necessary. The only thing required is to secure the opening 
area necessary for the mechanically fully closed position 8b of the valve 
body 8. This embodiment has the advantage of simplifying the profile of 
the air passage groove 5. 
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[0051] Similarly to the diesel engine throttle device, the area, 

profile, number and position of openings of the air passage groove 5 can be 
changed in response to the required default airflow. In Figs. 9 and 10, it is 
possible to make the change of air flow constant or almost constant in the 
valve opening within the range of that spherical surface, by making a part 
of the air passage 2 in a spherical surface, similarly to the case of Figs. 5 
and 6. 

[0052] The following describes the characteristics of the present 

embodiment. In the intake air throttle device of the diesel engine, the 
passage of the throttle valve control range is designed in a cylindrical 
form. A slight gap between the valve body in the aforementioned area and 
the passage surface can be reduced by formation of an air passage groove 
(e.g. a groove on the entire outer periphery of the throttle valve or a 
partial groove) downstream near the fully closed position of the throttle 
valve provided inside the air passage for control purposes. This 
arrangement allows accurate control of reducing the volume of intake air. 

[0053] Adjustment of the area of the opening in the air passage 

groove makes it possible to supply the volume of air flow required for 
traveling of a car, even if the valve body has stuck near the mechanically 
fully closed position. Further, a taper is formed in such a way that the 
area of the air passage groove becomes constant in the area downstream 
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from the fully closed position of the valve body for control purposes, 
whereby a predetermined volume of air can be supplied into the 
combustion chamber, even if positional variations have occurred to the 
valve body. 

[0054] In an electronically controlled throttle valve device for 

gasoline engine, an air passage groove is formed in the passage within the 
range of valve body control. This arrangement allows the volume of air 
required for the traveling of a car (volume of air required at the prior art 
default opening position) to be supplied by the aforementioned passage 
groove, when the valve is returned to the mechanically fully closed 
position by the force of a return spring in cases where current is not 
supplied to the motor as a valve body driving device. 

[0055] The throttle valve device of the present embodiment avoids 

sticking of the valve body without increasing the number of parts of a 
diesel engine. At the same time, it makes it possible to supply the volume 
of air required for traveling of a car, even when sticking has occurred 
downstream from the control area. Further, this arrangement permits a 
stable supply of airflow at the idle position of the valve body. In the 
gasoline engine, it is possible to provide the prior art functions by 
reduction in the number of parts used in the throttle device of the valve 
body driving device. 
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[0056] Reference signs in the figuroG show tho following parts. 

1... Throttle body, 2...x\ir passage ,2a... Spherical air passage ,8... Valve 

body ,3a, 8a... Fully closed position for control purposes ,3b, 

8b... Mechanically fully closed position of the valve body ,1... Rotary 

shaft ,5... Air — passage groove ,6... Groove inlet — taper ,7. . .Installation 

flange ,8c. ..Fully — open — position — ef — the — valve — body ,9... — Ah? — Sew 
characteristics — according — te — the — present — invention — ,10... Air — flew 
characteristics according to tho prior art ,11... Air flow characteristics 
provided by the present invention, 12... Motor, 13.. .Cover, 14... Connector . 

[0057] The present invention provides an air intake control device 

that supplies a required volume of air in a simple configuration in the 
event of a trouble, while maintaining the controllability of the volume of 
air. 

[0058] The foregoing disclosure has been set forth merely to 

illustrate the invention and is not intended to be limiting. Because 
modifications of the disclosed embodiments incorporating the spirit and 
substance of the invention may occur to persons skilled in the art, the 
invention should be construed to include everything within the scope of the 
appended claims and equivalents thereof. 
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